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' 1.0. PURPOSE

The purpose of the work performed under this contract is to develop
T and refine the techniques of preparation and evaluation of fine grained dense
ferrites for use at both radio frequencies and microwave frequencies.
Specifically, the radio-frequency applications are related to the temperature
stabilized initial permeability that results from decreasing grain size while
the microwave-frequency applications are related to the improved high-power
characteristics that result from fine grain sizes.
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2.0. ABSTRACT

The construction of a flame-spray apparatus was accomplished and
compositions of (Nil_xZux)Fezo4 0<X<0,75and Ni(Ii‘ez_x.l’dx)O4 0<X<1.25
prepared. X-ray analysis indicated single phase, stoichiometric compounds
were formed in all cases. Hot pressed specimens of NiF‘ezO4 were prepared
with grain sizes ranging from 5p to below 0. 2y and ferrimagnetic resonance
linewidths determined. The usual physical properties of ceramic specimens
were determined for all samples.

Linewidth measurements were made on samples of Ni0 973Co 0 27Fe20 4
that were prepared by the Signal Corps.
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3.0. PUBLICATIONS AND CONFERENCES

3.1 Publications
None.
3.2 Conferences

On January 22 W. W. Malinofsky and R. Babbitt visited the Raytheon
Research Divigion to discuss the contract.

On February 14 R. Babbitt visited Raytheon and on February 28
J. J. Green, A. E. Paladino and J. S. Waugh visited Fort Monmouth to
give a briefing on the progress of the contract.
3.3 Lectures
None.

3.4 Reports

None.
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4.0. FACTUAL DATA

4.1 Flame-Spray Apparatus

The flame-spray technique for the preparation of fine-particle sizes
was used. 'The sedimentation and chemical co-precipitation methods are
available but their use'is not anticipated.

The experimental set-up (fig. 1) consisted of an atomizer burner
connected to tank oxygen and a methanol reservoir. The flame was maintained
by a bunsen burner located at the mouth of a vycor tube which discharged
into a large stainless steel tank. A water spray scrubber was placed at the
top of the tank and effectively wet down the discharge from the vycor tube.
Glass was used extensively throughout this system in order to (1) minimize
the effects of contamination and (2) facilitate the cleaning of the system after
each run (especially when the compositions were changed). A vertical pyrex
stack guided the exhaust gases into a flue system. Yields greater than 60%
of theoretical yield were obtained from this set-up and no contamination was
evident in the resulting powders.

4.2 Preparation of Methanol Solutions

One molecular weight of the following nitrates was dissolved in one
liter of methanol: Ni(NOs)Z' 6HZO, Fe(NO3)3' 9HZO' Zn(NO3)Z'leO, and
AI(NO3)3' 9H,0. All easily dissolved with the exception of Al(N03)3' 9HZO
which showed some tendency to be cloudy. However, upon standing, the
solution cleared and a gsediment of AIZO3 collected on the bottom of the vessel.

Because of uncertainties in the amount of water of crystallization
in the nitrates and because of generally good chemical procedure, all nitrate-
methanol solutions were analyzed for oxide content in the following manner.
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10 cc of the nominally one-molar solution were measured in a previously
weighed platinum crucible. The solution was allowed to evaporate slowly
and then ignited to 1000°C over a bunsen burner. Constant weights were
considered achieved when no change occurred in the third decimal place,
The reactions are described by the equations:

. . A
Ni(NO,)," 6H,0 = NiO + 6H,0 + 2NO, + {0, (1
A 6 3
4 1
Zn(NO,)," xH,O = ZnO + xH,0 + 2NO, + } O, (3)
. 3
2AL(NO,)," 9H,0 ~ Al,0, + 18H,0 + 6NO, + >0, . (4)

Following ignition, cooling, and weighing, the actual molarity of the
solution was determined from simple calculation. Table I shows the
variation in molarity that occurred for several batches of starting solution.
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Batch No.

— — —— —— —— —— — - — ——— — — — — —— ——- — T — —— Y ——— {— Y~ -~ — ——

7384-28-123-1
7384-28-123-2
7384-34-212-1
7384-34-212-2
7384-28-123-3
7384-28-123-4
7384-34-212-3
7384-34-212-4
7384-35-213-1
7384-35-213-2

. 7384-34-212-5

7384-34-212-6
7384-39-225-1
7384-39-225-4
7384-39-225-3

TABLE 1

Composition

Ni(NO,),' 6H,0
Fe(NO;);" 9H,0
Zn(NO,)," xH,0
A1(NO,),* 9H,0
Ni(NO3)z' 6H20
Fe(NO,);" 9H,0
Zn(NO,),' xH,0
Al(NO3)3' 9H20
Ni(NO3)z- 6H20
Fe(NO3)3' 9HZO
Zn(NO3) 2 xHZO
Al(NO3)3' 9H20
Ni(NO3)Z' 6HZO
Fe(NO,)," 9H,0
A1(NO,)," 9H,)

4.3 Preparation of Ferrites

_ANALYSIS OF NITRATE SOLUTIONS

——— A G —— Y — V" —_——

Nominal
Molarity

Actual

Molarity

0.

[

°© o o

965

. 976
. 052
. 588
. 976
. 963
. 066
. 665
. 987
. 965
. 052

673
843
912

. 616

The following compositions, all of which were single phase and

stoichiometric as determined by standard X-ray analysis, were prepared
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during this quarter:

(Ni, _xan)!‘«‘e?“O4 0=X=0.75

increment of x = 0. 25
Ni(Fez_xAlx)O4 0sX=1.25

The procedure consisted of measuring, by volume, the constituent solutions
in the ratios consistent with stoichiometry previously determined by analysis
of the starting solutions. The liquids were mixed in a flask and poured into
the methanol reservoir connected to the atomizer burner. The oxygen
pressure was maintained at 20 psi (by means of a standard tank regulator)
and the needle valve opening recorded. The hydrostatic head was also noted
and kept constant as was the distance from the nozzle to the burner flame,
All of these variables affect the particle size of the resultant powder.

(R. Babbitt pointed out the possible pitfalls in this procedure.) The powder
was collected in the water spray system as a slurry and the entire contents
of the run was collected and dried for use. This included the dry powder in
the vycor and pyrex tubes as well as the slurry collected in the stainless steel
tank. No evidence of nitrates was found in the dried powder.

4.4 Hot Pressing

The hot pressing of the ferrites (fig. 2) was done in hot -pressed
alumina dies obtained from the Carborundum Company of Niagara Fallsg,
New York. Many variations were tried, but the best technique consisted
of prepressing the ferrite powder in the die, removing the sample, sanding
off the edges so that it fit loosely in the die and finally covering both ends
of the specimen with Zx'O2 sand (-325 mesh). The ZrOz sand prevented
sticking to the pistons and the fine particle size was essential in order to
transmit the load from the pistons to the sample. Larger sized grains of
ZrO, cannot slide over one another easily and consequently the load would
not be fully applied to the sample. (fig. 3).
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The force required for hot pressing was applied from a hydraulic ram
which was continuous in operation. The ram was controlied by hydraulic
pressure which was independent of the movement of the piston; consequently,
the pressure within the die was constant throughout the densification process.
The course of densification was continuously recorded by means of a linear
differential transformer which was electrically connected to a strip recorder.
By this procedure, the entire densification process was monitored so that com-
plete densification could immediately be observed. A typical hot-press
strip chart is shown in fig. 4. In all cases, final pressures were 12, 600 psi;
during heat up, the pressure was either 3600 or 7200 psi.

The hot-press die was heated resistively by means of a kanthal wound
ceramic tube insulated by refractory brick. This set-up achieved a heat-up
time of 10 minutes.

4.5 Physical Property Measurements

4. 5.1 Density

All density determinations were made by the mercury displacement
method which measures the bulk volume of the sample.

Table II lists the densities, grain sizes, and composition of all the
hot-press specimens. A rather gignificant result shows that considerable
grain growth occurred in nickel ferrites at temperatures as low as 1050°C
when the initial particle size is sub-micron.

11
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TABLE 1I

Grain Size, Density and Firing Conditions
For NiFeZO4 and (Nio. SZno. 5)F‘ezO4

T e st -

Lot

——m_n &~ GEy ey

Final Bulk Apparent Firing Firing Time

Sample Grain Size Density Density Temp. at Temp
NiFeZO4
7384-41-1 3.5 88. 2% 96. 2% 1125°C 20 min.
7369-25-1 ~5u 98. 0% 99. 0% 1125°C 30 min.
7369-25-2 3 90. 0% 97. 0% 1140°C 10 min.
7369-30-1 0. 5u 97.3% 99. 0% 1050°C 10 min.
7369-25-3 1. Op 87. 0% 94, 0% 1050°C 15 min.
7384-43-1 0. 2u 99, 0% 99. 0% 1025°C 3 min,
7384-43-3 0. 3u 99. 0% 99. 0% 1025°C 5 min.
7384-43-2 0.22u 85. 0% 91. 0% 1025°C 3 min,
(Niy 52Zn, g)Fe;0, ]
7369-26-1 Ip 83, 0% 90. 5% 1125°C 30 min,

4. 5.2 QGrain size

The grain size of the powder received from the flame spray was
determined by (1) X-ray line broadening techniques and (2) electron micro-

scopy.

i b e i T LT
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(1) The X-ray line broadening technique is essentially one outlined
in Klug and Alexanderr A known standard was used, designated NFK-O, which
was well annealed, stoichiometric NiFeZO & The instrumental as well as

the mosaic broadening, f, was determined for the standard. The formula
L = 'ﬁ%ﬁ‘ was used where

crystallite size (A)
= radiation wavelength
broadening due to particle size

A >~
[]

= shape factor

The unknown specimens were then compared to the standard and the difference
in the peaks used for assessing the broadening due to particle gize. Strain
broadening was neglected. This method is admittedly crude, but nevertheless
adequate for the approximate determination of these grain sizes.

(2) An RCA EML.-1 was used for the electron microscopy. For
determination of the particle size of the flame-spray powder, a slurry
technique was used where the powder was suspended in a solution of methyl
alcohol (anhydrous). The agglomerates were broken up by use of an ultra-
sonic agitator. The suspension was allowed to evaporate onto a carbon film
that had previously been deposited onto a supporting grid. Figure 5 illus-
trates the technique for a specimen of NiFeZO4. The particle size was
estimated to be between 0. 05 - 0. 09, in fair agreement with X-ray deter-
minations (see Table III).

It was generally found that the greatest difficulty was to minimize
the grain growth of NiFe,O 4 rather than achieve the maximum density. One

——— - oo o o — —— - ——— — e — o —— — — — — —— — T - ——— —— — Y — ——— S —— — — b

*H. P. Klug and L. E. Alexander, X-Ray Diffraction Procedures, John Wiley
and Sons, Inc., New York (1954) pp. 507-511.

14
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TABLE 1III

Comparison of X-Ray and Electron Micrograph
Particle Size Determinations

Particle Size Particle Size
Sample {(X-ray) (Electron Microscope)
(n) (1)
NiFe,O,
7369-25 0. 06 0.05
7384-43 0. 07 0. 065
7384-33 0.085 0.08
(NiO. 752:10- 25)FeZO4
7384-35 0.09 0. 085

of the first samples to be hot-pressed is shown in fig. 6. The sample

was polished with Cr203 on a silk wheel and etched in a mixture of oxalic
and sulfuric acid for six minutes. The grain size was relatively large (5p),
and the density (bulk) was greater than 98% of the theoretical density. It

is also interesting to note where the remaining porosity was located. In
almost all cases, the pores were situated at the grain boundaries rather
than within the grains.

4, 5.3 Stoichiometry
The stoichiometry of NiFeZO 4 Was carefully substantiated by means

of comparison with a known stoichiometric sample of NiFeZO 4 designated
NFK-0. It was deemed necessary to evaluate the NiFeZO 4 powder being made

16
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in the flame -spray apparatus in order to determine this stoichiometry. This
was done by a three-way comparison of the relative intensity ratios between
the unknown, the NFK-0, and a theoretical calculation for spinel structure.

The quality of the standard was substantiated by a comparison of
the relative intensity ratios with a series of intensity ratios calculated from
the formulae:

N -
2rithx_ + ky +14z )
hke 1?:1 fn e n n n

2

ot
n

[F|€ X Lorentz Polarization Factor X Multiplicity
This comparison is shown in Table IV.
TABLE IV

i o — s e St .

Calculated and Measured X-Ray Intensity Data

Calc. Measured
hkt  [F,l° m LP I 11, I /1,
111 7648 8 55, 33 70527 14 147 15
220 28009 12 19, 02 133183 27 288 29
311 75024 24 13. 30 498910 100 979 100
222 23446 8 11. 93 46618 9 65 7
400 102810 6 8. 458 108696 22 285 29
331 845 24 6.783 2866 <1 20 2
422 17742 24 5,128 45490 9 82 8
511 66744 24 4, 445 177412 36 316 32
333 39244 8 4, 445 177412 36 316 32
440 245223 12 3, 660 224379 45 440 45
531 2810 48 3,327 9349 2 15 2

18
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The diffraction pattern of nickel ferrite samples prepared early in the
program revealed departures from the expected peak intensity ratios. Past
experience indicated that this might be caused by the presence of a nickel
oxide-rich wiistite phase formed during a partial reduction of the NiFe,O,

(fig. 7 ).4 For starting compositions lying between NiFezO 4 and NiO, a partial
reduction would correspond to the formation of a spinel solid solution of
NiFe,O 4-Fe30 4 plus a solid solution of (NiFe)O high in nickel content. The
situation is best described by a typical tie line in fig. 7 illustrating the changes
in composition of both the spinel and wiistite phases with progressively more
reduction (indicated by the arrows on the tie). The lattice constant for solid
solutions between NiFe,O, and Fe30 4 Varies linearly so that it was used as

a check on the extent of reduction, if any.

4. 5. 4 High-power subgidiary absorption and linewidth measurements

Figure 8 is a schematic diagram of the apparatus used in making
high-power measurements at X-band. By a 90°® rotation of either magnet or
cavity the parallel pumping or the subsidiary absorption measurement can
be made. A Raytheon 2J51 tunable magnetron was used as a signal source,
This magnetron delivers a peak power of 40 kw which was sufficient to pro-
duce rf cavity fields in excess of 100 oe. Pulse lengths of 4 sec and a
repetition rate of approximately 6 cps were.used. This low -duty cycle
insured that no sample heating occurred. The power incident upon the cavity
was controlled through several variable attenuators in the main line. The
incident power and reflected power were monitored through directional
couplers preceding the cavity. A power calibration was performed by
replacing the cavity by a thermistor, the magnetron by a square-wave
modulated klystron, and then noting the power-meter reading for a given
deflection on the oscilloscope from the crystal which samples the incident
power. All other power levels were referred to this level through the use of
a calibrated- precision attenuator (rotary-vane type) which precedes the
crystal. A knowledge of the incident power, the loaded Q of the cavity, the
cavity reflection coefficient, and the cavity mode then gave the value of the
rf magnetic field at the sample.

19
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X
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H.PV.A.= High power variable attenuator
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i v = Waveguide frequency meter

EXPERIMENTAL APPARATUS FOR HIGH POWER MEASUREMENTS
AT X BAND

FIGURE 8

21




Lageer

DL e -

— WA SRDMEY e ey

The subsidiary absorption measurement was made by measuring the

cavity reflection coefficient, and therefore the cavity Q as a function of power

level.

The sample (a sphere approximately 50 mil diameter) was mounted
several gphere diameters from the end wall if a TE (2 reflection cavity.

Figure 9

Cavity for high-power
subgidiary absorption
measurements.

YO0

A similar cavity was used for linewidth measurements except that
it was of a transmission type and the sample was mounted in the center of

the cavity. In linewidth measurements 30-mil spheres were usually sufficient

since the absorption was much larger in the vicinity of ferromagnetic res-
onance than away from it as in the case of subsidiary absorption.

_\f \f— Figure 10
O Q Cavity for linewidth
(\ . fl_ measurement.

Figure 11 is a schematic diagram of the linewidth equipment. A saw
tooth modulated klystron was used to sweep through the cavity mode. A
Ballantine voltmeter was used to record the peak value of the cavity trans-

mission on the X-axis of an X-Y recorder.

22
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The Y-axis of the recorder corresponds to the dc field and was driven
by a signal from a Hall probe in the magnet gap. By sweeping the dc field the
resonance line was automatically traced on the recorder. The linewidth was
determined through the use of a calibrated precision attenuator which pre-
ceded the cavity and which permitted an accurate determination of the change
in cavity transmission.

Linewidth and subsidiary absorption measurements were made at
X-band (9. 2 kMc) on some heat treated fine-grain nickel-cobalt ferrites
(2. 7% Co). These samples were prepared by W. W. Malinofsky and
R. W. Babbitt at the U. S. Army Electronics Research and Development
Laboratory. The data are compiled below, and are shown in figs. 12-15.

TABLE V

Linewidth and Grain Size Data for Signal Corps
(Nijy 973C0, 027)F€;0,4 Samples

Grain Subsidiary Absorption

Size AH(yy  AHpny Hgoy o Begy Haeqzy bt2)
Sample ) (oe) (oe) {oe) {oe) {oe) (oe)
4-NC-1 (A) 0.18 565 485 1500 none 1500 38
2000 none 2000 31
6-NC-1 (A) 0.25 646 470 1500 60 1500 40
2000 50 2000 35
6-NC-1 (B) 0.13 671 415 1500 55 1500 40
2000 45 2000 31
9-NC-1 (A) 0.50 1042 335 1500 42 1500 30
2000 35 2000 17

In order that a comparison might be drawn, date for '"before heat
treatment" has been included and is designated by subscript (1). The hrf values
listed are for the thresholds for absorption below resonance. The measure-
ments were made by setting a particular Hdc value while varying the hrf
level in the cavity.

24
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Below is a compilation of linewidths of the latest fine-grain ferrites:

Linewidth and Hr es Data for Hot Pressed NiFe,O

——————— — i —————— —— —_" Y o — e v T T S S Y — — S — ——— - — — o ——

i RN e e P

TABLE VI

7369-21-3
7369-21-2
7369-21-1
7384-35-1
7369-25-1
7369-25-2
7369-25-4
7369-25-3

29
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5.0 CONCLUSIONS

5.1 Flame-Spray Prepared Ferrites

The flame-8pray technique for producing single-phase stoichiometric
ferrites yielded materials in the desired particle size range (sub-micron
< 0. 05). Although many variables affected the final particle size, it was not
difficult to isolate most of them so that consistent results were obtained. The
technique was also useful for the production of mixed ferrites where one of
the constituents was more volatile than others (Zn).

5.2 Hot Pressing of NiFe,Q

NiFeZO 4 Can successfully be hot pressed to densities approaching
its theoretical (> 98%) density. The grain size within the hot pressed specimen
however, exceed the previously established results. For example, at
pressing temperatures as low as 1025°C for times as short as three minutes,
the grain size of stoichiometric NiFezo 4 (initial particle size of 0. 02,) is
consgistently above 0.2 p.
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6.0 PLANS FOR NEXT QUARTER

Further investigation of the hot pressing of NiFe,O,, (Ni 1- xan)
Fe204. and Ni(Fez_xAlx)O 4 will be pursued with the hope of achieving dense
fine-grained specimens of all of these compositions. The subsidiary absorption
linewidth, high-power properties, temperature dependence of initial permea-
bility, dielectric loss, saturation magnetization, density, and grain size will
be measured on the appropriate specimens.

Compositions with the garnet structure will be prepared.
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7.0 IDENTIFICATION OF PERSONNEL

Below is a list of the personnel involved in this investigation and
the amount of time each spent on the project:

Pred G m—

E. Schidmann - Principal Research Scientist Consultant
J. S. Waugh - Senior Research Scientist 140 hours
W. Bekebrede - Senior Research Scientist 86 hours
A. E. Paladino - Senior Research Scientist 16 hours
J. J. Green - Principal Research Scientist 21 hours
B. J. Healy - Associate Research Scientist 72 hours
T. Kohane - Senior Research Scientist 16 hours
O. J. Guentert - Principal Research Scientist 32 hours
Total 383 hours

Following is a list of the biographies of the above-mentioned
- personnel involved in this investigation.
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Erngt Schldmann - Principal Research Scientist

Cr. Schl8mann received his M. S. in 1953 and his Ph.D. in 1954,
both in theoretical physics, from the University of Goettigen, Germany.
He served as a Research Agsistant for one year at this institution. From
1954 to 1955 he did post-doctoral work in theoretical solid state physics
at MIT.

In 1955 Dr. Schl8mann became a full-time member of the Research
Division of Raytheon Company. His field is the theoretical study of new
ferromagnetic materials and their application to microwave devices. He
has made numerous important contributions to the theory of resonance
linewidth in polycrystalline materials and to the theory of ferromagnetic
resonance at high signal levels. During the academic year 1961 - 1962
Dr. SchlSmann served as a visiting associate professor at the W, W,
Hansen Microwave Laboratory, Stanford University. He returned to
Raytheon in June 1962 to resume his research on ferromagnetic materials.

Dr. Schldmann is a member of the American Physical Society.
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John S. Waugh - Senior Research Scientist

Dr. Waugh received a B. S. in 1953 and an M. S. in 1954 both in
ceramics from Alfred University. During 1954 - 1955, he was on the chemical
and metallurgical program at General Electric Company. In January, 1960,
he was awarded a Ph.D. in ceramics from M.I.T.

During 1960, Dr. Waugh was a section head in the Physics Group
of ITEK Corporation. In January, 1961, he joined the Raytheon Research
Division as a research staff member. His main activity has been research
on new ferroelectric materials, He has been experimenting with the growth
of single crystals of barium-strontium titanate.

Dr. Waugh is a member of the American Ceramic Society, the
American Physical Society and Sigma Xi.

34
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Mr. Bekebrede received his A.B. degree in chemistry from
Washington University in 1947. Ohio State University awarded him an
M.S. in inorganic chemistry in 1952. He has completed advanced courses
in chemistry, mathematics, and electronics at the Northeastern University
Evening Graduate School of Engineering and at Boston University. He also
attended a course in X-ray diffraction and X-ray spectroscopy techniques
at the North American Phillips Company.

From 1947-1950 Mr. Bekebrede was an analytical chemist for
Monsanto Chemical Company, Monsanto, Illinois. Subsequent to receiving
his master's degree he did research and development work on electrolytes
for the Fansteel Metallurgical Corporation, North Chicago, Illinois. In
1954, Mr. Bekebrede joined the Research Division of Raytheon Company,
where he is now utilizing X-ray diffraction techniques in the study of elec-
tronic materials.

Mr. Bekebrede is a member of the American Crystallographic
Association.
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Albert E. Paladino, Jr. - Senior Research Scientist

Dr. Paladino received his B.S. in ceramic engineering in 1954,
and his M. S. in the same field in 1956, from the New York State College
of Ceramics, at Alfred University. In 1956 and 1957 he did additional
work at the Northeastern University Evening Graduate School of Engineering.

Dr. Paladino joined the Research Division in 1955 where, until
1959, he investigated the high temperature chemistry of ferrites. Portions
of the phase diagrams for the systems Fe-Ni-O, Fe~Co-0O, and MgO-FeO-FezO3
in the area of spinel have been determined over a range of temperatures and

oxygen pressures.

In 1959, Dr. Paladino entered the Department of Metallurgy,
Division of Ceramics, at MIT where he started graduate study for his
doctor's degree. His thesis research was concerned with aluminum ion
diffusion in aluminum oxide. In January 1962, he received his Doctor of
Science degree from MIT and returned to the Research Division where
he assumed the responsibility of directing the research activities of the
ceramic laboratory.

Dr. Paladino is a member of the American Ceramic Society,

American Physical Sociely, Keramos, and is a registered professional
engineer in the Commonwealth of Massachusetts.
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and his Ph.D. in 1959, both from Harvard University. His thesis dealt
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From 1956 to 1959, Dr. Green worked part time at the Raytheon
Upon receipt of his doctorate in June 1959, he joined
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the Company on a full-time basis.
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Simmons College in 1956. In August of that year she joined the staff of
the Raytheon Research Division.

During her six years experience, Miss Healy's work has included
the fields of paramagnetic resonance and plasma physics. Recently she
has been working on ferrite measurements, including the study of fine-
grain materials.

38



Theodore Kohane - Senior Research Scientist

Dr. Kohane received the degree of B. S. in physics from the College
of the City of New York in 1944, From 1944 to 1946 he was employed as a
physicist with the National Advisory Committee on Aeronautics at Langley
Field, Virginia. He then undertook graduate study at New York University
and later Rutgers University, holding various teaching and research assis-
tantships and fellowships. In 1953 he received the degree of Ph. D. in physics
from Rutgers University; his thesis was concerned with nuclear magnetic
resonance studies of hydrogen in palladium.

Since 1953 Dr. Kohane has been a member of the Research Division
staff. After some work on silicon and semiconducting compounds, he be-
came engaged in studies of the magnetic and electrical properties of ferri-
magnetic oxi.des, and is currently working in this area.

Dr. Kohane is a member of the American Physical Society and of
the Microwave Ferrite Group of the A, S.T. M.



Otto J. Guentert - Principal Research Scientist

Dr. Guentert received his diploma in physics from the University
of Freiburg, Germany, in 1951, and his Ph. D. in physics (x-ray diffrac-
tion) from MIT in 1956.

From 1953 to 1956 he was a research assistant in the Physics
Department of MIT where he worked under Prof. B. E. Warren on x-ray
diffraction problems of cold work and layer faults in metals.

Dr. Guentert joined the Solid State Physics Group of the Raytheon
Research Division on July 1, 1956. -He is a principal research staff member
in charge of the diffraction laboratory which supports the activities of the
Research Division by x-ray and neutron investigations. He is presently
engaged in diffraction studies of several materials. The research pro-
jects include (a) the determination of the cation distribution in mixed spinel
ferrites; (b) the study of the structural features of PYROGRAPHITE; and
(c) the study of the layer ordering in ZnS-type crystals, notably SiC.

Dr. Guentert would carry out the x-ray diffraction part of the bicrystals
prograr_xi

Dr. Guentert is a member of the American Physical Society and
of the American Crystallographic Association.

40



2‘

REFERENCES

W. W. Malinofsky and R. W. Babbitt, J. Appl. Phys. 32, 237S (1961).

W. W. Malinofsky, R. W. Babbitt, and G. C. Sands, J. Appl. Phys.
33, 1206 (1962).

J. F. Wenckus and W, Z. Leavitt, Proc. of Conf. on Magnetism
and Magnetic Materials, A.L E. E., Special Publication T-91, p. 526
{1956).

A, E. Paladino, Jr., ""Phase Equilibria in the Ferrite Region of
the System Fe-Ni-O," J. Am., Ceram. Soc., 42, 4, 168-175 (1959).



DISTRIBU'i‘ION LIST FOR CONTRACT DA 36-039-AMC-00098 (E)

Copies

OASD (R&E)

ATTN: Technical Library

Room 3E1065

The Pentagon

Washington 25, D.C. 1

Chief of Research and Development
OCS, Department of the Army
Washington 25, D.C. 1

Commanding General

U.S. Army Materiel Command

ATTN: R&D Directorate

Washington 25, D.C. 1

Commanding General

U.S. Army Electronics Command

ATTN: AMSEL-AD

Fort Monmouth, New Jersey 1

Director, U.S. Naval Research Laboratory
ATTN: Code 2027
Washington 25, D.C. 1

Commander, Aeronautical Systems Division
ATTN: ASAPRL _
Wright- Patterson Air Force Base, Ohio 1

Hq, Electronic Systems Division

ATTN: ESAL

L. G. Hanscom Field

Bedford, Massachusetts 1

Commander, Air Force Cambridge Research Laboratories

ATTN: CRO

L. G. Hanscom Field

Bedford, Massachusetts 1

i Commander, Air Force Command & Control Development Division
ATTN: CRZC

L.G. Hanscom Field

g Bedford, Massachusetts 1

Commander, Rome Air Development Center
ATTN: RAALD
Griffiss Air Force Base, New York 1




Commander, Armed Services Technical Information Agency
ATTN: TISIA

Arlington Hall Station

Arlington 12, Virginia

Chief, U.S. Army Security Agency
Arlington Hall Station
Arlington 12, Virginia

Deputy President

U.S. Army Security Agency Board
Arlington Hall Station

Arlington 12, Virginia

Commanding Officer

Harry Diamond Laboratomes

ATTN: Library, Room 211, Building 92
Washington 25, D. C.

Corps of Engineers Liaison Office
U.S. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey

AFSC Scientific /Technical Liaison Office
U.S. Naval Air Development Center
Johnsville, Pennsylvania

USAELRDL Liaison Office

Rome Air Development Center
ATTN: RAOL

Griffiss Air Force Base, New York

Commanding Officer

U.S. Army Electronics Materiel Support Agency
ATTN: SELMS-ADJ

Fort Monmouth, New Jersey

Marine Corps Liaison Office

U.S. Army Electronics Research and Development Laboratory
ATTN: SELRA/LNR

Fort Monmouth, New Jersey

Commanding Officer

U.S. Army Electronics Research and Development Laboratory
ATTN: Director of Research or Engineering

Fort Monmouth, New Jersey

Commanding Officer

U.S. Army Electronics Research and Development Laboratory
ATTN: Technical Documents Center

Fort Monmouth, New Jersey

BT T AT depbea® b ke s 6 e

20



Cogies

M“

Commanding Officer

U.S. Army Electronics Research and Development Laboratory

ATTN: SELRA/ADJ (FU #1)

Fort Monmouth, New Jersey |

[EOE——
3

Advisory Group on Electron Devices
346 Broadway
New York 13, New York 2

Commanding Officer

U.S. Army Electronics Research and Development Laboratory

ATTN: SELRA/TNR

Fort Monmouth, New Jersey 3
(FOR RETRANSMITTAL TO ACCREDITED BRITISH AND CANADIAN
GOVERNMENT REPRESENTATIVES)

Commanding General

U.S. Army Combat Developments Command

ATTN: CDCMR-E

Fort Belvoir, Virginia 1

Commanding Officer
U.S. Army Communications-Electronics Combat Development
Agency
Fort Huachuca, Arizona 1

Director, Fort Monmouth Office
U.S. Army Communications-Electronics Combat Development
Agency
Building 410
Fort Monmouth, New Jersey 1

AFSC Scientific/Technical Liaison Office
U.S. Army Electronics Research and Development Laboratory
Fort Monmouth, New Jersey 1

Commanding Officer and Director
U.S. Navy Electronics Laboratory
San Diego 52, California 1

Commander, RADC
ATTN: RCLTM-2 (Mr. P. Romanelli)
Griffiss Air Force Base, New York 1

Chief, Bureau of Ships
R Department of the Navy
i ATTN: Code 691B2C (Mr. Leo Gumina)
Washington 25, D.C. 1




T TP
A

ngies

Massachusetts Institute of Technology

Laboratory for Insulation Research

ATTN; Librarian

Cambridge, Massachusetts 1

Lincoln Laboratory

Massachusetts Institute of Technology

ATTN: Librarian

Lexington, Massachusetts 1

Airtron

ATTN: Mr. J. Zneimer

200 East Hanover Avenue

Morris Plains, New Jersey 1

Mr. Gustave Shapiro, Chief
Engrg Electronics Section

National Bureau of Standards
Washington 25, D.C. 1

Trans-Tech, Incorporated
12 Meem Avenue
Gaithersburg, Maryland 1

Indiana General Corporation

Electronics Division

ATTN: Dr. E. Schwabe

Keasbey, New Jersey 3

Commanding Officer

U.S. A. Electronics Research & Development Laboratory
Fort Monmouth, New Jersey

ATTN: SELRA/PRM (J. Carter)

ATTN: SELRA/PEM (J. Agrios)

ATTN: SELRA/PE (Division Director)

ATTN: SELRA/PE (Dr. E. Both)

ATTN: SELRA/PEM (R. Babbitt)

ON et s et s



4
*sdxo) j.u_m_ “
o £q paxedaad sxem yepy Yols 4420 Qo FL6 "0y
J0 satdures B0 IpEW IIIM FIUIWIINFRVIW :«v—g_ _
*sotdures e _
JOJ PAUTULINIP II2M SUIWOdS OTUWIeXad Jo -atu&o.-l_
Teo18Ayd [ensn Y], °PIUTWIIINIIP SYIPTMIUTT ooﬂ!.onou_ _
opauSeurLiia) pue Wz °g 03 vig wox; Jurfuea
o218 uread Y paredsad ozem o IN jo suamoeds| |
passaad JOH °S38¥D [[e Uj PAWLIO} IIoMm nvﬁ—onﬂoo_ _

srnRwonploys ‘asend ﬁﬁﬂﬂwsg sysdreue Lex-y
(@) 86000-OMV "poredaad ¢z 1 =x =0 DANN PuE 5L -0 =X 0| _ (@) 86000-OWV
- 6£0-9€ VA 100TW0D A YOZag(*uzX-11N) jo suony pue paysir | -6£0-9€ VQ PEIWOD A
spoaqeeg ‘m Al ~° ToM sueredde Aeads-aurey] e Jo UORONIISUOD | | 3paIqeNeH "M Al
uweaIn °r I 2oday payisseroun i U ‘¢ W
oumped vV IO ((:T) 86000-DNV-6£0~9¢€ VA 3100I0D) ] outpered vV ‘Il
Woem ‘S r T (1e5-5) “smim “pwy d 1y| | uBnem ‘s °r T
€961 QO 82 ~ 2961 231 1 *1 °oN 1rodoy b._s.ﬂsw_
SoRwIay *saayio pue owrpereg v ‘ynem s ‘rl | sop8LIa)
~oereyo samod-yBtH 7 4q SALIYYAI ASNIA NIVYD ANIJ VULIA| | -9saeuo Jomod-ydty -2
SALIDA  °1 ‘SgBl ‘weyirem ‘o) _—og_ f SIS I
L QIIIASSVIONN 8 ‘sz ‘alq av, L QEIJISSVTONN |
s A==/
QATJISSVTIONN | AAJISSYTONN
*adxo) gm_ “

- 6£0-9€ VA PRIW0D A
WPIIGINRH ‘M “Al
uwdxn °r Il

oupereq vV I

ysoem s °f 1

SOPSLIN
-oereyo Jamod-ydty 2

I
|
I
|
|
|
|
“ (@) 96000~-OWV
I
|
|
|
“ sapaeg °1

a3 Aq paxedead axem ey Y olo 3120 G FL6 Oy
Jo sapdures uo IpPBW JIIM SUIWIAINFBIUL ..«Eg_ _
*sardures n-_
10j pIUTUIIIIP 194 sudwrdads orurexadd jo sapxedoxd _
Ted1sdyd Tensn ayJ, “pPIUTULIIIIP SYIPTMIUTL ou:uﬂo-oh_ _
opjeudeurtixa) pue f2 *Q »Swonws g woxj Jurhuex
O

rcﬂu uread yipm paxedaad axom 3JdIN JO 2-250!—._ _

pessaad JOH *838Ed [[¢ Ul PAULIO] axam spunodwiod _
swxjewoyotoys ‘aseyd a3urs pajeotpur sisireue h-.nnun—
*paxedoad 21 s x 50 YO(XTV*"2a4)IN Pue 5L "0 =x=0| |
¥YoZaa(XuzX-11y) jo suopirsodwod pue paysyduod |
aoamuiasuahun&uhuhnunoﬁa.cauo:oﬂuaungo OFH_ _

wodey payisseraun I
(=) 86000-DWV-6£0-9¢ vd 3oeamod)! |
(tgg-s) smmm “put d 1v] |

€961 G2 82 - 2961 92Q 1 ‘1 *ON Woday .ﬂ.—oﬂd&_
‘81230 pue oujpered v ‘yinem ‘s °rl |

£q SELIMYI ISNAQ NIVHD ANId VELIN| | -oeseyo somod-uBtH 2

‘ssep ‘wreyirem ‘oD =85»«x_ |

— ——— —— ————a— — - . ———— ——— — —— —

- 6€£0-9€ VQ PeIu0y

8 ‘sz -"alQ QM._ —.l

AALJISSVIONN

|sazys urea? Yirm paTedoxd axam

‘sdio) i.!n“

gy £4q paxedaad sxem Yoy vOno.mgc.p.nvn; .omz

Jo serdures UO IPRUW ITIM SIUIWIINSVIW IPLASUTY
*sardures ——a_

J0J PAUTUWLIINIP 213 suAwdads STurexdd Jo sapxadond
Teorsdyd rensn ML PIUTUIISP SIPLMSUT] 02._!83.-_

oneuBewrLIIo) pue W Z °0 !ow!.ms g woay Suusx
'O JIN JO ag_

passaid o0l °sased [[¢ ul pauLio] XA spunodwod

srewoNYdIys ‘aseud opdurs orput syslrene Lex-x
paxedaxd ¢2°1 = X 50 ~$2.4)IN PUE SL -0 =X 50|

Yo2aa(*uz*-11N) jo suonisod PUR PIYSTH

-oe gem sneredde Leids-aureyj ® jo UOHONIISVOD SF_

odoy patpeseUn ]
{(A) 86000-DINV -6£0-9€ VU 17WI|U0))

(1es-8) -sw Pwr d iy

€961 Q34 87 - 2961 390 1 ‘1 *oN wWoday buoﬁa&.
*s1ayjo pue oumpered VvV ‘ySnem 5 T

4q SELIYYEI ASNIA NIVHD INIJ VELTIN |

*ssep ‘urey@irem ‘0D ﬂoonuhdﬂ-

(d) 86000-DWV
A
apaigadeg ‘M Al
udvID °f Ml
oupered 'V ‘I
- ydnep ‘gL ‘1
SO1SLIa}
sNLIdT [

jsazis uread yirm parudaad axoe

®, *A
8 'sZ "ald Q.<L

o — — — —— — — — ————— it — o —— —

adzo) reulys

o £q pexedaad sxom yeqy Yoo gt 20 Qo FL6 .Omz_
Jo sardures U0 IpEW ITIM SIUIWAINFEIW ..axto:ﬁ_
. -sardures [re _
J0F PAUTMIIIIP IIIM Sudwoads oTurexad jo senyxadoxd
Tedjedud [ensn UL PIUULINIP SYIPIMIUT] IOUEUOEIX |
opPuBeuryixa) pue Wz °g iowcara« Wg wiox) Builuex
u YOl QN Jo suswmoads |
passgaad jo °Sa8ED [[e UT PaWI0] I spunoduwod
orrawonydtos ‘aseyd 3 (] W«oacuvﬁ sisireue bu.fx_
*paxedard §2°1 =X 50 ~22 4)IN PU® GL "0 XS0
¥o2ag(XuzX-11N) Jo suonysodwod pue paysyduicd
-2e sem smuredde fexds-aurep e Jo UOTIONIIFVOD oﬂn;

1xodoy paysrsserdun |
((A) 86000-DWV-6£0-9¢ VA Wexu0))

(1g5-8)  “swny “pout °d gy |

€961 924 82 - 2961 93 1 ‘1 *ON MXoday buz.::&_
*8I330 pue ourpered vV ‘ydnsg s °r

£q SALIHYAI ISNIA NIVHD INIJ VHLTIN |

‘sse ‘ureqifem ‘0D §~

‘sZ *Ald
J avy

——— ——— i — — —— ——— ——— ——— . it

£ IO e ion AR Ll AN S Y o 3 - .



